Background: Epicardial fat has a role in cardiovascular diseases. Objectives: To assess epicardial fat and its relation with carotid intima-media thickness (IMT) in obese adolescents with metabolic syndrome (MetS).
Background
Overweight and obesity in children are increasing in prevalence in both developing and developed countries (1) . Abdominal obesity and insulin resistance play an important role in development of metabolic syndrome (MetS). MetS is a combination of disorders that increase the risk of cardiovascular disease and diabetes (2) . In contrast to adults; conflicting results were found regarding the relation between obesity and cardiac functions in children. The risk of cardiovascular disease is increased in patients with MetS. Early recognition of premature atherosclerosis is important as subclinical atherosclerosis precedes the clinical manifestations of cardiovascular disease by many years. In patients with MetS, carotid intima-media thickness (IMT) is a marker of subclinical atherosclerosis. Left ventricular hypertrophy, left ventricular diastolic dysfunction, and myocardial dysfunction were reported in MetS patients (3) . Previous studies found depressed ventricular functions in MetS patients compared to normal subjects (4) . The relationship of EATT with left ventricular mass index and myocardial performance index in obese adolescents with MetS had not been documented (5) . EATT, deriving from the same embryological origin as mesenteric and omental fat, is deposited around the heart and coronary vessels. EATT may influence coronary atherosclerosis and myocardial function. EATT has various endocrine and inflammatory functions and produce mediators which can cause endothelial dysfunction. EATT is related to insulin resistance and dyslipidemia and leading to a higher risk of MetS and cardiovascular disease (6).
Objectives
We aimed to evaluate EATT and carotid IMT of obese children and to study the relationship of EATT with carotid IMT and other echocardiographic findings as well as clinical parameters of the metabolic syndrome in obese children.
Patients and Methods
This study was conducted on 60 obese children and adolescent (simple obesity) their ages ranged from (8 -16 years) enrolled from pediatric outpatient clinic, Al Hada and Taif Military Hospitals, Saudia Arabia between February 2013 to February 2014.
According to presence or absence of MetS, they were divided into two groups, 22 (36.6%) were found to show the criteria for MetS diagnosis (MetS group) and 38 (63.4%) constituted non-MetS group. 25 apparently healthy children of matched age and sex served as controls. All children included in the study gave written consent from participant parents. The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki. 
Exclusion Criteria

All Patients and Controls Were Subjected to
1) History taking; 2) Clinical examination and anthropometry: All anthropometric measurements were taken; body height and weight were measured in light clothes by a portable stadiometer. Body mass index was calculated as weight divided by the square of the height (kg/m 2 ). In children, body mass index > 95th percentile is considered obese, so we used body mass index > 30 as obese, and body mass index < 25 as non-obese control level (7) . Waist circumference was measured at the high point of the iliac crest to the nearest 0.1 cm at the end of normal expiration with a non-stretch measure tape (8) . Blood pressure was measured using a mercury sphygmomanometer with different cuff sizes. All measures were evaluated according to appropriate centiles. MetS was defined according to the criteria of International Diabetes Federation which required three or more of the following parameters: abdominal obesity, hypertension, hyperglycemia, high triglyceride and low high density lipoprotein levels.
Laboratory Investigations
Measurement of fasting glucose by glucose hexokinase method (8) . Measurement of serum lipids included serum total cholesterol, low density lipoprotein cholesterol, high density lipoprotein cholesterol and triglyceride levels. They were measured by taking venous blood samples in the morning after overnight fasting (10 -12 hour). Measures were done using standard enzymatic methods by Boehringer Mannheim GmbH and a fully automatic analyzer (9) . High-sensitivity C-reactive protein was assessed by immune nephelometric assay method using company reagents (10) . Fasting serum insulin was measured using the chemiluminescent technique (DPC kit on Immulite 1000). Homeostasis model assessment index was used for calculation of insulin resistance (11).
Echocardiographic Examination
Using 3-and 7-MHz transducers Echocardiographic measures were performed with Vivid3 Expert (Norway). The procedure was done without the need for sedative medication. According to the recommendations of the American Society of Echocardiography, chamber dimensions and wall thicknesses were obtained by 2-dimensionally guided M mode (12) . Systolic functions of the left ventricle (ejection fraction and fractional shortening) were evaluated by measuring left ventricular end-systolic and end-diastolic dimensions, interventricular septum systolic and diastolic thicknesses, and left ventricular posterior wall systolic and diastolic thicknesses. Left ventricular mass and relative posterior wall thickness was calculated according to the standard formulae (13) . Diastolic functions of the left ventricle were evaluated by measuring peak early diastolic filling velocity (E), peak late diastolic filling velocity (A), E/A ratio, and deceleration time (14) . Epicardial adipose tissue was measured as the echo-free space over the pericardial layers using 2-dimensional echocardiography. Whereas the epicardial adipose tissue thickness was measured on the free wall of the right ventricle, perpendicular to the wall from parasternal long and short axis views at end-diastole. The measurement was done for 3 cardiac cycles (15) . Using a 7-MHz probe, carotid IMT was measured from the common carotid artery at a point 5 mm proximal to its bifurcation (16) . Using a 3-MHz transducer, Pulsed Doppler and tissue Doppler were performed. Early (E) and atrial (A) transmitral maximal flow velocities were measured by pulsed-wave Doppler. The ratio E/A was calculated. Early (E') and late (A') diastolic peak velocities were measured and we calculated the ratio of early and late diastolic annular velocities. Cardiac time intervals-isovolumic contraction time, isovolumic relaxation time, and systolic ejection time were measured. Tissue Doppler derived by myocardial performance index was calculated according to the formulae: (isovolumic contraction time + isovolemic relaxation time) /systolic ejection time. Also; we measured E' wave acceleration and deceleration times (17).
Results
Results of our study are shown in the following Tables  and Figures. Table 1 show clinical and laboratory data of obese and control groups.
To the presence or absence of MetS, obese adolescents were divided into two groups, 22 (36.6%) were found to have the diagnosis of MetS.
The studied groups showed no significant differences regarding to age. However, the groups differed significantly in terms of body mass index.
Systolic and diastolic blood pressure values were significantly higher in obese group with MetS than the nonMetS and the control groups. Total cholesterol, triglyceride, low density lipoprotein cholesterol, fasting glucose, insulin levels, and homeostasis model assessment index of insulin resistance were significantly higher in MetS obese group than the non-MetS obese and the control groups, whereas high density lipoprotein cholesterol levels were significantly lower in the MetS obese group than the non-MetS and control groups. Blood pressure values, body mass index, body mass index-standard deviation score and waist circumference were significantly higher in the non-MetS obese group than the control group. Also, total cholesterol, triglyceride, low density lipoprotein cholesterol, fasting glucose and insulin levels were significantly higher in the non-MetS obese group than the control group. High density lipoprotein cholesterol levels were significantly lower in the nonMetS obese group than the control group. Homeostasis model assessment index of insulin resistance values were significantly lower in the control group than both non-MetS and MetS obese groups. Table 2 shows measurements of Echocardiography in obese (MetS-NonMetS) and control groups. The MetS obese group had significantly higher EATT, carotid IMT, left ventricular mass index and myocardial performance index values as compared to the both non-MetS and control groups. A statistically significant difference was found between the control and MetS groups regarding the following parameters: acceleration time , deceleration time ,diastolic early wave peak velocity (E'), diastolic late wave peak velocity (A'), (E'/A').Also, isovolumic relaxation time, isovolumic contraction values and average myocardial performance index showed statistically significant difference between the control and MetS groups. The average isovolumic contraction values, isovolumic relaxation time, average myocardial performance index, and average deceleration time were significantly higher in MetS obese group than in non-MetS obese group (P < 0.05).A significant correlation was found between EATT and carotid IMT among obese patients with MetS. Table 3 shows the correlation coefficient between (EATT) and clinical, laboratory and echocardiographic parameters in the obese MetS patients and non-MetS. Abbreviation: IMT, intima media thickness.
Figure 1. Echcocardiographic Epicardial Adipose Tissue Thickness
Whit in red dashed shape is identified as the echo free space between the outer wall of the myocardium and the visceral layer of the pericardium in the parasternal long axis view.
EATT was positively correlated with body mass indexstandard deviation score, waist circumference, fasting glucose, fasting insulin, insulin resistance, triglyceride levels, left ventricular thickness, left ventricular mass index and myocardial performance index. Table 4 shows the multivariate regression model analysis, demonstrated that the only independent predictor of carotid IMT among obese patients with MetS is EATT (β coefficient = 0.62, P = 0.0006). Figure 1 shows measurements of echocardiographic epicardial adipose tissue thickness. Figure 2 shows measurements of the intima-media thickness in the common carotid artery. The gray scale ultrasound image shows the cursors placed perpendicular to the long axis of the common carotid artery to include only the intima and media in the thickness measurements.
Discussion
With the rise in childhood obesity, the related cardiovascular disease in children is becoming more prevalent. Childhood obesity predisposes to an increased risk of morbidity and mortality related to cardiovascular diseases in later life. It has been demonstrated that children may exhibit early signs of cardiovascular dysfunction as a result of their excess adiposity (18) . EATT was significantly correlated with anthropometric measures as body mass index and waist circumference in obese adolescents with MetS. We found a high correlation between EATT and body mass index-standard deviation score. This was in agreement of Abaci (19) (20) (21) . The body mass index was used as a tool to identify individuals at risk of future cardiovascular disease and diabetes. Body mass reflects fat mass and lean body mass, but it does not discriminate the distribution of fat (22) . As a risk factor for cardiovascular and metabolic diseases, it was suggested that abdominal adiposity is more important than general adiposity (23) . Abdominal fat contributes to the risk of these diseases but the mechanisms are not fully understood. Among metabolic elements of abdominal fat, is the visceral adipose tissue which probably plays a vital role in this process (24) . In our study, epicardial fat showed a positive correlation with waist circumference in obese adolescents. This is in agreement with other authors (3, 19, 20) who found that waist circumference is a good predictor of visceral fat mass and the strongest determinant of EATT.Our data suggests that EATT can be used as indirect estimate of visceral fat. In our study, there was a significant correlation between EATT and the following laboratory measures; fasting insulin, insulin resistance, triglyceride, and high sensitivity C-reactive protein. Our findings are in agreement of Akyol et al. 2013 (25) . In the present study, there is positive correlation between EATT and homeostasis model assessment index of insulin resistance. In fact, this is an expected finding in the patient group with MetS as epicardial adipose tissue is a component of abdominal fat and its increased amount in MetS patients contributes to increase insulin resistance. There are also some studies that have established a significant correlation between EATT and insulin resistance supporting the present study (26, 27) . EATT plays a role in the development of inflammation, which triggers the pathogenetic mechanisms of diabetes mellitus, cardiovascular disease, and MetS. In the previous study by Mazurek et al. the expression of inflammatory mediators in the epicardial adipose tissue was greater than that released from subcutaneous adipose tissue in the patients with documented coronary artery disease (28) . In the present study, the level of high sensitivity C-reactive protein, the indicator of a low-grade chronic inflammation, was higher compared to the control group. Additionally, a positive correlation was established between EATT, which was higher in the MetS patients, and high sensitivity C-reactive protein which is considered to be another important finding. In other words, visceral adipose tissue, such as EATT, may directly contribute to the development of MetS due to its local and systemic pro-inflammatory effect. In our study; EATT and carotid IMT measurements were increased in obese adolescents with MetS. Also, they have greater left ventricular mass index and myocardial performance index measurements in comparison to control and nonMetS obese groups. In MetS obese patients, there were significant correlations between EATT and hypertension, echocardiographic parameters such as left ventricular thickness, left ventricular mass index, myocardial performance index and carotid IMT. (3, 20, 21, 25) . Until now, magnetic resonance imaging has been accepted as the gold standard for measuring EATT. however, its coast and radiation risk limit its use as a screening tool. The development of echocardiographic measurement of EATT was first reported by Iacobellis et al. (2003) . Their study suggests that echocardiographic EATT is a simple and an easy measure in clinical practice (15) . In our study, we showed that echocardiographic measurements of EATT significantly correlated with left ventricular mass index and systolic and diastolic function in obese adolescent with MetS. A recent meta-analysis demonstrated significantly higher echocardiographic EAT thickness in patients with MS (29) .EAT thickness is also related to obstructive coronary artery disease, cardiac ischemia, adverse cardiac events and subclinical coronary artery disease (30, 31) . Other studies have also shown associations of EATT with diastolic function abnormalities and also left ventricular structural and functional changes (32, 33) . Myocardial performance index is a new measure in the setting of echocardiography. It can be used to evaluate both systolic and diastolic functions as it correlates well with invasive measurements (34) . In our study population, the correlates of EATT were body mass index, waist circumference and hip circumference, fasting glucose and insulin levels, homeostasis model assessment index of insulin resistance, high density lipoprotein, triglyceride levels, high sensitivity C-reactive protein, left ventricular thickness, left ventricular mass index, myocardial performance index and carotid IMT.In multivariate logistic regression analysis, EATT was the only independent variable that was significantly associated with carotid IMT. EATT has been suggested as a new cardiometabolic risk factor as it reflects visceral fat tissue and obesity. Similar results were reported by Akyol et al. (25) . Carotid IMT is a noninvasive, feasible, reliable and inexpensive marker of subclinical atherosclerosis. Carotid IMT was related to cardiovascular risk factors and could predict the possibility of future cardio-cerebrovascular disease (35) . In a recent study, carotid IMT was significantly increased in the obese group compared with the lean group. In addition, a statistically significant correlation was found between EATT and carotid IMT measurements. These findings suggested that EATT is a more reliable marker of development of subclinical atherosclerosis than the other parameters in obese patients (20) . EATT leads to endothelial dysfunction, a key event in the development of atherosclerosis predating clinically obvious vascular disease (36) . This may contribute to the initiation, progression and acceleration of coronary artery disease in patients with MetS. For this reason, EATT may be used as additional and easy diagnostic tools for the presence of endothelial dysfunction and the necessity for follow-up for possible future overt coronary artery disease. In a recent study, Iacobellis et al. demonstrated that EATT was found to be a good predictor of steatosis of non-cardiac organs such as the liver (37) . EATT is reported to be a marker for the presence and severity of coronary artery disease in recent studies (38) . Our results support these studies and suggest the possible association of EATT with subclinical atherosclerosis. In conclusion, we have observed that EATT, carotid IMT, left ventricular mass index and myocardial performance index values were significantly higher in obese adolescents especially with MetS. EATT had a close link with carotid IMT and early cardiac dysfunction in obese adolescents with MetS. Assessment of EATT in routine echocardiography might be a feasible and reliable method for the evaluation of obesity and its related cardiovascular risks during childhood. EATT might be a surrogate marker of subclinical atherosclerosis.
